No. 3. — The Coral Reefs of the Hawaiian Islands . 

By Alexander Agassiz. 

Before giving the results of ray observations on the Coral Beefs of 
the Sandwich Islands, it may be useful to recapitulate the salient points 
of the older theories of the formation of the coral reefs, from Charaisso’s 
(1815-1818) to Darwin’s (1842), as well as the modification of the lat- 
ter by Dana (1838-1842, 1849), and to enumerate briefly the objections 
which have been made to the general application of the theory of sub- 
sidence to the special cases examined by later investigators, from Agassiz 
(1851) to the present time. 

I need only refer to the earlier views of Forster, who imagined coral 
reefs to have been built up from the bottom of the ocean, a view which 
was naturally untenable after the observations of Quoy and Gaymard on 
the limits of depth at which corals apparently thrive, as well as the later 
observations of Ehrenberg on the coral reefs of the Red Sea. 

Darwin, it should be remembered, examined only the Great Chagos 
Bank, and based his speculations on the observations he made on this 
single group, supplementing the knowledge, however, by a most exhaust- 
ive analysis of the observations and descriptions of others, and a 
most thorough examination of the hydrographic charts which had any 
bearing on the subject. But no naturalist has had opportunities to 
make a personal examination of the conditions of growth of corals and 
of coral islands such as have been enjoyed by Dana, as geologist of the 
United States Exploring Expedition. His Report on Coral Reefs and 
Islands, published in 1849, contains a full account of his own observa- 
tions (1838-1842) on the Hawaiian Islands, the Society Islands, the 
Samoa and Viti groups, and his theories are based upon his own experi- 
ence, far wider than that of any other Writer on the subject. He has 
therefore drawn but little either from the descriptions of the voyagers of 
the early part of this century, or from the hydrographic charts, both of 
which form so essential a part in the Darwinian theory of coral reefs. 

An examination of the hydrographic charts of the coral reefs, wdiile 
interesting, can lead to no sound conclusion. Well as I know the 
Florida reefs and part of the Bahamas, as well as the majority of the 
West India coral reefs, I should hesitate to base any general conclusions 
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upon an examination of these charts, much less to attempt any but very 
indefinite deductions for local phenomena or conditions. 

It seems scarcely necessary to discuss the opinions of Wilkes, 1 who 
dismisses the whole basis of the theory of coral reefs, besides the special 
theory of Darwin, and who calmly says : “ After much inquiry and due 
examination, I was unable to believe that these great formations are 
or can possibly be the wrnrk of zoophytes ; . . . I cannot but view the 
labors of these animals as wholly inadequate to produce the effects 
which I observed.” There seems to be only one critical observation 
worthy of remark. When speaking of the formation of lagoons he sug- 
gests the possibility of the washing influx and efflux of the sea to carry 
off in the shape of mud or sand, or in solution, the strata underlying the 
central part of a lagoon. Wilkes further says : “ It seems almost 
absurd to suppose that these immense reefs should have been raised by 
the exertions of a minute animal, and positively so to explain the pecu- 
liar mode of construction by which reefs of an annular shape are formed, 
when in nine cases out of ten they are of other figures/’ The last part 
of his statement seems to have been lost sight of in the discussions on 
atolls. 

In striking contrast to Wilkes’s opinions are the observations of 
Couthouy, one of the naturalists of the United States Exploring Expe- 
dition, who published in 1842 his views on the Coral Islands of the 
Pacific. 2 He suggests that corals are limited in their range of growth 
by temperature rather than depth, and that wherever this is not be- 
low 76° Fahrenheit, then, cceteris. paribus , they will be found to flourish. 
Couthouy admits the correctness of the theory advanced by Darwin, 
and believes the great thickness of the reefs to have been produced by a 
gradual and long continued subsidence of the original shelf of coral, while 
the surface was maintained at the same level as at first by the unceas- 
ing additions made by the polyps. He also believes that the whole of 
Polynesia is at present slowly rising, and gives his reasons for believ- 
ing in a former subsidence of a great continent, mainly based upon the 
identity of the volcanic and coralline rocks composing the majority of the 
islands of Polynesia. Couthouy describes the seaward side of the encir- 
cling reef of the Paumotu group as representing a succession of terraces 
or plateaus ; the lowest of variable breadth, seldom exceeding one hun- 

1 Wilkes, Charles, Narrative of the United States Exploring Expedition, Lon- 
don, 1845, Vol. IV. p. 268. 

2 Joseph P. Couthouy, “ On Coral Formations in the Pacific,” Journ. Bost. Soc. 
Nat. Hist., 1842, p. 66. 
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dred and fifty feet, and declining rapidly seaward. These terraces as they 
recede from the sea become shallower and shallower, having at their ex- 
tremity a sort of steep talus extending to the one next below it. This 
is probably due to the action of the surf, as the force of the sea becomes 
less and less where it is broken towards the shore liue, though Couthouy 
is inclined to see in these terraces the effect of subsidence. But as he 
distinctly says that the outer terraces have only twelve to fifteen fathoms 
of water on them, about the limit of reef-growing corals, his explanation 
does not appear satisfactory even in the case of the terrace of Belling- 
hausen’s Island, on which he found twenty-eight fathoms. 

It seems much more natural to look upon the channels left, either in 
the barrier reefs or in atolls, as due to the original inequalities in the 
level of the foundation of the reef. The corals would naturally reach the 
surface soonest at the highest point, thus leaving passages which might 
at particular parts of the reef, and under certain local conditions, be 
gradually closed by the active growth of the corals, or might, on the 
other hand, remain open wherever the tides or currents rushed through 
them with sufficient force to check their increase, or where the silt was 
deposited in such quantities as to obstruct it. 

It is interesting to go back to Kotzebue's Voyage, and to find in the 
chapter on the Coral Islands, by Chamisso, the following : “ The corals 
have founded their buildings on shoals in the sea ; or, to speak more 
correctly, on the top of mountains lying under water. On the one side, 
as they increase, they continue to approach the surface of the sea, on the 
other side they enlarge the extent of their work.” 1 He noticed the more 
rapid growth of the coral where exposed to the action of the surf, and the 
obstacles to their growth in the middle of a broad reef, due to the amass- 
ing of shells and accumulation of coral fragments, and also to the forma- 
tion of coral land by the cementation of the calcareous sand, gradually 
increasing in thickness till it is covered by the sea only during certain 
seasons of the year. He also noticed the formation of reefs more or less 
circular, with an interior sea, having a depth sometimes of thirty to 
thirty-five fathoms, which he explains from the action of the natural 
causes above enumerated. 

Dr. Guppy 2 justly says in Nature : “ The development of the new 
theory should be kept in mind. Chamisso seventy years ago advanced 
the view that an atoll owes its form to the growth of corals at the 
margin and to the repressive influence of the reef debris in the in- 

1 Kotzebue, Vol. III. p. 331, London, 1821. 

2 H. B. Guppy, Nature, March 15, 1888, p. 462. 
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terior ; bat this view gave no satisfactory explanation of the foundation 
of such a coral reef, and Darwin was driven to his theory of subsidence. 
The great defect in the way of Chamisso was, however, removed by Mur- 
ray, who supplied the foundation of an atoll without employing subsid- 
ence, and investigation in the Florida Sea (Agassiz) and in the Western 
Pacific (Guppy) have confirmed his conclusions. The forms of reefs he 
attributed to well known physical causes. Both Semper and Agassiz 
have dwelt upon the importance of other agencies, and in our present 
state of knowledge it will be wisest to combine in one view the several 
agencies enumerated by them as producing the different forms of coral 
reefs. On the outer side of the reef we have the directing influence of 
the currents, the increased food supply, the action of the breakers, etc. 
In the interior of a reef we have the repressive influence of sand and 
sediment, the boring of the numerous organisms that find a home on 
each coral block, the growth of Nullipores, the solvent action of the 
carbonic acid in the sea-water, and the tidal scour. These are all real 
agencies, and we only differ as to the relative importance we attach to 
each. Future investigations will probably add others to the list, besides 
ascertaining the mode and degree of action of each case.” 

According to the theory of subsidence, there is no limit to the thick- 
ness which a coral reef, rising out of deep water, may attain. It may 
rest upon rocks of any material situated in a region of subsidence, while 
naturally it would extend mainly vertically, its horizontal width being 
comparatively slight. According to the other theory, which does not 
call upon subsidence to explain the formation of barrier reefs or of atolls, 
the base of coral reefs, whether atolls or barrier reefs, may be any pla- 
teau or eminence, either volcanic or the product of accumulations of lime- 
stone banks, which have reached the requisite height for the growth of 
corals. The presence of such limestone banks and of eminences, either 
volcanic or other, which have reached the level at which corals will 
flourish is nowhere better exemplified than in the West Indian region, 
where we find atolls, barrier reefs, and fringing reefs in a region which 
is eminently one of elevation. In an area of elevation we may have 
comparatively thin reefs, forming a mere casing to the core upon which 
they have grown, as Guppy has shown in the case of one of the Solomon 
Islands . 1 

Mr. J. J. Lister, the naturalist of H. M. S. Egeria, Commander Al- 
drich, describes Christmas Island as being a succession of horizontal 
terraces, marking the pauses of its gradual elevation during which a 

1 Nature, December 20, 18S7, p. 203. 



